INTRODUCTION
============

Approximately 10% of couples suffer from infertility worldwide,^[@R1]^ and half of them are due to male factors.^[@R2]^ Semen analysis is important for examining male fertility potential.^[@R3]^ Carlsen et al^[@R4]^ summarized semen quality change between 1938 and 1990 and found the dramatic decline in general populations across continents, although the results are being debated afterward.^[@R5]^ Current studies are mostly cross-sectional, some of them mainly recruited participants from infertility clinic patients or sperm bank donators, the season of sampling, methods used in semen analysis, and the participants' age varied among or within studies, and the results remain controversial.^[@R6]--[@R18]^ Our previous study found only 38.9% of healthy male volunteers in Chongqing area met with all 6 semen parameters^[@R6]^ according to World Health Organization (WHO) 1999 criteria,^[@R19]^ although this rate can reach 62.0% as recalculated according to WHO recommendations (5th edition, WHO, Switzerland)^[@R20]^; it still suggests that the current semen quality, at least in Chongqing males, requires higher public health concern. Although some genetic and pathological factors for male infertility have been confirmed,^[@R21],[@R22]^ in general population, accumulating evidence,^[@R11],[@R23]--[@R28]^ including our previous studies,^[@R29]--[@R33]^ linked semen quality to environmental factors, among which persistent organic pollutants/endocrine disrupters, and electronic magnetic field exposures are extensively reported^[@R25],[@R29],[@R32],[@R34]--[@R44]^; sociopsychobehavioral factors were also suggested to be associated with semen parameters.^[@R18],[@R30],[@R31],[@R40],[@R45]--[@R47]^ Moreover, age is extensively associated with semen quality,^[@R48],[@R49]^ other factors such as season, geographic variation, lifestyles, methods used in semen analysis, may also modify the results. A general population-based longitudinal cohort study is necessary for illustrating the roles of environmental pollutants exposure and sociopsychobehavioral factors in semen quality alternation. Based on this, we carried out a cohort study (Figure [1](#F1){ref-type="fig"}) on male reproductive health in Chongqing College students with environmental exposure change on purpose of comparing semen parameters before and after the campuses relocation; assessing the effects of sociopsychobehavioral factors on semen quality; evaluating the effects of environmental pollutants, mainly polyaromatic hydrocarbons (PAHs) and phthalic acid esters (PAEs), on semen quality.

![Flow chart of the design for the whole study and including/excluding process. The overall design and including/excluding process of the whole cohort study. Seventy-six patients were excluded because of the disease history of the following: 4 of urinary disease, 3 of incomplete orchiocatabasis, 2 of diabetes, 4 of tuberculosis, 4 of inguinal hernia, 2 of testicular injury, and 17 of inflammation in urogenital system.](medi-94-e1166-g001){#F1}

METHODS
=======

Study Design
------------

Chinese universities/colleges are encountering space shortage due to fast development; local government usually assign specific lands in suburban or rural areas to set up new campuses.^[@R50]^ Chongqing city set up its new University Town in Huxi town, a rural area far away from downtown. Better air quality index and deep processed water can be found in the University Town when compared with the urban area.^[@R51]^

Most specialties in Chongqing\'s universities/colleges split their courses into elementary and professional phases, deploy the elementary courses in University Town during the first 2 years, and the professionals in urban old campuses during the last 2 years, leading to the students relocation from rural to urban campus to finish all courses, whereas the students from other specialties, such as Computer Science, Art, etc., will stay in the University Town till graduation. Relocated students will consequently experience environmental exposure changes naturally. This particular environmental exposure change due to campus relocation offered us an opportunity to carry out this study.

The baseline investigation was carried out in June 2013, at the end of August 2013, the fall semester began in universities/colleges, most of the participants moved to urban campuses in Shapingba district whereas the rest remained in the University Town, no more relocation would happen to either group before graduation. All eligible volunteers, moved or not, were invited to the baseline investigation. This study was approved by the Ethics Committees of Third Military Medical University, and signed informed consent was obtained from each participant.

Taking seasonal affection and change of environmental exposures into consideration, the first follow-up was performed in June 2014 with a 10-month interval (September 2013 to June 2014) covering 3 whole cycles of spermatogenesis, which may reduce possible delayed effects of environmental exposures, as well as the seasonal differences. The second follow-up is scheduled to be carried out in June 2015.

Study Population
----------------

According to the semen parameters in Chongqing general population from our previous study,^[@R6]^ and on the consideration of perhaps 20% of failure in follow-up and another 20% of failure in semen sample collection, we calculated the sample size with NCSS PASS 2008, suggesting that a sample size of 646 would enable explanation of biological differences and their associations to environmental or sociopsychobehavioral factors with a statistical power of 0.9 and significant level of 0.05.

Since April 2013, all male sophomores in University Town received our propaganda on illustrating this study. Online registration was opened to all male sophomores till the number of registered volunteers reached the expected sample size. In June 2013, those who met all the 3 criteria were included: \>18 years old; 2 to 7 days of abstinent; and second-grade college students studying in University Town. An individual would be excluded if he met any of the following criteria: history of urologist diagnosed inflammation of urogenital system; history of epididymitis; history of testicular injury; treatment history of varicocele; history of incomplete orchiocatabasis; or any of the following was detected by the urologist at the physical examination stage during the investigation: absence of prominentia laryngea; absence of pubes; abnormal breast; abnormal penis; absence of testis; epididymal knob, or varicocele.

Environmental Contaminants Collection
-------------------------------------

Environmental exposures, including PAHs from PM2.5 and PAEs from water, were monitored for 90 days to cover one whole spermatogenesis cycle prior to sample collection. For collecting PM2.5 from ambient air in both the University Town and urban campus, impactor method was deployed and the volume of flow was set to 1 m^3^/min on a High Volume Ambient Air Sampler (TE-6001; Tisch Environmental, Cleves, OH) close to the students' dormitory. PM2.5 was collected for continuously 24 hours every 2 days, and its amount was determined by weighing. From each campus in University Town and urban area, approximately 200 mL of tap water was collected into a clean, hexane-washed glass bottle, and 1 bottle of commercial bottled water (18.9 L/package) was collected in its commercial package. Water samples were collected every 4 weeks. The types and concentration of PAHs (ng/g) or PAEs (ng/μL) in air or water were sent to the Department of Biology, National Institute of Measurement and Testing Technology (Chengdu, Sichuan, China) for analyzing with gas chromatography-mass spectrometry.

Questionnaires
--------------

For interviewer--interviewing, the questionnaires (Table [1](#T1){ref-type="table"}) consist of demographic information, a standard self-rating depression scale, an optional sexual behavioral questionnaire, a lifestyle--behavioral questionnaire (modified from our previously validated one),^[@R6]^ a translated Munich Chronotype Questionnaire,^[@R52]^ and history of diseases. For tobacco smoking, pack-year was calculated and the population was divided into tertile according to the pack-year amount. Alcohol use was defined according to the recommendation from the China Health Association.^[@R53]^ A bottle of cola was defined as the 550 mL commercial package on Chinese market, whereas a cup of coffee was defined as the commercial sold unit on Chinese market.

###### 

Subjects and Items Included in the Lifestyle-Behavioral Questionnaire
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Physical Examination
--------------------

Physical examination, performed by an experienced urologist with license, included secondary sexual characteristics (prominentia laryngea, pubes, breast, and penis), current status of pudendum (the status of foreskin, presence and volume of testis, status of epididymis, presence of varicocele, and anogenital distance), and basic biological information such as height and weight.

Biological Samples Collection and Analysis
------------------------------------------

Semen, blood, and urine were collected. For semen collection, exact abstinent duration (in days) was documented, private room was provided, and the ejaculate was collected into an ID-marked, sterile, preweighed, wide-mouth plastic container by masturbation according to WHO 2010 recommendations (5th edition, WHO, Switzerland).^[@R20]^ Semen sample was immediately delivered to the laboratory on the same floor and incubated in a 37°C incubator, the duration of completely liquefying (\<1 hour) was documented, or until reached 1 hour. Semen quality was evaluated according to WHO 2010 guidelines^[@R20]^ by experienced urologist. Semen appearance was recorded by observation; semen volume was measured by weighing, assuming 1 g of weight equals to 1 mL of volume; sperm morphology was identified from semen smears prepared with 10 μL of well-mixed semen; sperm concentration and sperm motility were assessed with computer-aided sperm analysis (SCA CASA System; Microptic S.L., Barcelona, Spain). Sperm motility parameters, including curvilinear velocity (μm/s), straight-line velocity (μm/s), average path velocity (μm/s), amplitude of lateral head displacement (μm), beat-cross frequency (Hz), linearity, wobble, and straightness were recorded/calculated by CASA. Sperm motility was graded into progressive (PR) motility, nonprogressive (NP) motility, and immotility (IM).

For each subject, a total of 50 mL of medistream urine was collected into clean, hexane-washed glass tubes, and a total of 20 mL of venous blood was collected into EDTA-anticoagulant and nonanticoagulant tubes.

Serum sex hormones (testosterone, estrogen, progesterone, follicle-stimulating hormone, luteinizing hormone, and prolactin) were determined by a Beckman Unicel DXI 800.

Statistical Analysis
--------------------

Demographic data was determined by direct counting. Semen parameters were presented in median and percentiles as semen parameters always follow nonnormal distributions. Percentages coincident with the criteria of WHO (2010) were also calculated. Nonparametric methods were chosen to compare distributions between groups given to lifestyles; Mann--Whitney U test or Kruskal--Wallis test of variance was deployed according to the number of groups. Jonckheere--terpstra test was used when comparing ordered groups. χ^2^ test was applied to compare frequencies between or among groups. Confounders were adjusted with linear regression model to analyze single lifestyles act on semen parameters. Analysis of covariance (ANCOVA) with Sidak correction was used to compare the log-transformed data for means with adjustment for confounders. Individuals with missing data were excluded in analysis among corresponding variables. All analyses were completed with IBM SPSS 22 (IBM Corp., Armonk, NY).

RESULTS
=======

Population Characteristics
--------------------------

Of the 872 registers, 796 eligible subjects finished all investigations in the baseline stage. Seventy-six were excluded due to ineligible abstinent duration (N = 33), urogenital diseases (N = 36), or fail of providing semen sample (N = 7), as shown in Figure [1](#F1){ref-type="fig"}.

About one-fifth subjects were current smokers; almost half (47.2%) of the subjects were current drinkers. Considering all kinds of tea together, including green tea, red tea, black tea, and other tea, the tea users added up to one fifth of all subjects. More than 60% subjects consumed cola (all brands of cola were calculated together), only one-fourth subjects consumed coffee regularly (Table [2](#T2){ref-type="table"}  ).
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In August 2013, about 70.3% of the subjects (N = 454) moved to urban campuses and the rest (N = 192, 29.7%) remained in University Town, and both were followed as exposing group and control group, respectively. Subjects failed to be followed up were interviewed by phone call to determine the reason.

Semen Parameters
----------------

About 83.7% (N = 666) of the 796 college students met with the WHO 2010 criteria for all the 6 recommended parameters, which is higher than that of Chongqing general population from our previous study (62.0%).^[@R6]^ For each single parameter, the normal rates of semen volume, sperm concentration, total sperm number, PR, total motility (PR+NP), and normal sperm morphology were 96.4%, 94.8%, 94.8%, 92.8%, 99.9% (Figure [2](#F2){ref-type="fig"}), and 97.9% in college students, respectively, whereas these rates in the above-mentioned Chongqing general population^[@R6]^ were 82.7%, 96.8%, 91.9%, 87.0%, 90.0%, and 85.7%, respectively.

![Proportions of patients with semen parameters meet with WHO 2010 criteria. The bar chart shows the rate of the college students met with each of the 6 semen parameters, as well as those met with all the 6 semen parameters.](medi-94-e1166-g006){#F2}

Lifestyles Act on Semen Parameters
----------------------------------

College students live, repast and study together, but their lifestyles varied (Table [2](#T2){ref-type="table"}  ). Both univariate and multivariate analyses were deployed for evaluating the associations between lifestyles and semen parameters. In univariate analyses, a slightly decline, though nonsignificant, of semen quality in the current study was observed in the highest overweight group (body mass index, BMI, \>26.9) categorized according to recommended reference for Chinese adults^[@R54]^; however, other studies, including our previous study,^[@R6]^ suggested a positive association between semen quality and obesity (BMI \> 40) as systematically reviewed.^[@R18]^ Abstinent duration, sauna experience, smoking, coffee/cola drinking, and fried/baked foods consuming showed significant association with semen parameters (Table [2](#T2){ref-type="table"}  ): first, longer abstinent duration was found to be positively associated with semen volume, sperm concentration, and total sperm count (*P* \< 0.001), and negatively associated with PR (*P* \< 0.01). Second, sauna experience was the only lifestyle that was associated with normal sperm morphology rate, a significantly higher normal sperm morphology rate (9.9%) was found in subjects with sauna experience when compared to that (8.3%) in those without it (*P* \< 0.05); however, the low frequencies (usually 1 time in 3 months) may reduce the effects of high temperature on semen parameters, thus this result may be a coincidence. Third, smoking was found to be associated with decreased total sperm count (*P* \< 0.05). Fourth, both coffee and cola drinking were found to be associated with increased PR (*P* \< 0.01, *P* \< 0.05, respectively); coffee drinking was also associated with increased PR+NP (*P* \< 0.001) but cola drinking was associated with decreased semen volume and total sperm count (both *P* \< 0.01). Fifth, both fried foods and baked foods consumption were observed to have negative associations with sperm concentration and total sperm count (all *P* \< 0.01).

Variables that were found to be associated with semen parameters were included in the multivariate analyses, after adjusting for age, tobacco and alcohol consumption, duration of abstinent, BMI, coffee/cola/fried food/baked foods consumption with a linear regression model, we still observed smoking, coffee/cola drinking, fried foods consumption to be associated with semen parameters: first, decreases of 12.7%, 19.8%, and 17.0%, and decreases of 7.7%, 17.6%, and 14.7% in total sperm count and sperm concentration, respectively, were found to be associated with the tertiles of accumulated smoking amount (*P*~trend~ = 0.012, 0.023, respectively; Figure [3](#F3){ref-type="fig"}A and B). Second, for frequencies of 1 to 2 times/wk or ≥3 times/wk, fried food consumption was found to be associated with decreased total sperm count (10.2% or 24.5%) and sperm concentration (13.7% or 17.2%), respectively (*P*~trend~ = 0.005, 0.008, respectively; Figure [3](#F3){ref-type="fig"}C and D). Third, coffee consumption was found to be positively associated with PR+NP, increase of 8.9% or 15.4% for subjects consuming 1 to 2 cups/wk or ≥3 cups/wk of coffee were found, respectively (*P*~trend~ \< 0.001, Figure [3](#F3){ref-type="fig"}E). Suggesting caffeine may be associated only with improved sperm motility, which is not accordant to a study carried out in western countries,^[@R55],[@R56]^ the much lower level of coffee intake in the current population may partially explain the difference. Fourth, cola consumption appeared an association with decreased semen volume at 4.1% or 12.5% for 1 to 2 bottles/wk or ≥3 bottles/wk (*P*~trend~ = 0.024, Figure [3](#F3){ref-type="fig"}F).

![Multivariate analysis of effects of potential risks on semen quality. The 6 figures show the adjusted relative difference calculated by using a linear regression model, for each figure, nonconsumers tobacco coffee or cola, respectively, or lest consumer of fried foods, were set as reference group. (A) Adjusted for alcohol consumption, duration of abstinent, BMI, sauna experience, cola consumption, coffee consumption, and fried/baked foods consumption, *P*~trend~ = 0.012. (B) Adjusted for alcohol consumption, duration of abstinent, BMI, sauna experience, cola consumption, coffee consumption, and fried/baked foods consumption, *P*~trend~ = 0.023. (C) Adjusted for tobacco and alcohol consumption, duration of abstinent, BMI, sauna experience, cola consumption, coffee consumption and baked foods consumption, *P*~trend~ = 0.005. (D) Adjusted for tobacco and alcohol consumption, duration of abstinent, BMI, sauna experience, cola consumption, coffee consumption, and baked foods consumption, [*P*]{.ul}~trend~ = 0.008. (E) Adjusted for tobacco and alcohol consumption, duration of abstinent, BMI, sauna experience, cola consumption, and fried/baked foods consumption, *P*~trend~ \< 0.0001. (F) Adjusted for tobacco and alcohol consumption, duration of abstinent, BMI, sauna experience, cola consumption, and fried/baked foods consumption, *P*~trend~ = 0.024.](medi-94-e1166-g007){#F3}

Including age, tobacco and alcohol consumption, duration of abstinent, BMI, and coffee/cola/fried food/baked foods consumption as covariates in an ANCOVA model, coffee consumption was found to be significantly associated with total motility. Compared with nonconsumers, consumers with \<3 cups/wk showed an average of 1.09% increase in the mean of total motility, whereas for consumers with ≥3 cups/wk, that was 1.15% (*P* \< 0.05, respectively). Consuming \>3 times/wk of fried foods was found to be associated with decreased total sperm count at an average of 1.29 million (*P* \< 0.05). Although the rest lifestyles did not show any significant difference in ANCONVA model, data was shown in Supplementary Table, <http://links.lww.com/MD/A334>.

DISCUSSION
==========

Semen quality is of great concern and is debated a lot since the publication from Calsen et al.^[@R4],[@R5]^ It is clear that regional decline in male fertility is happening,^[@R11]^ whereas the reason is not that clear. Environmental pollutions,^[@R11],[@R23],[@R25],[@R33],[@R57]^ as well as the change in lifestyles^[@R23],[@R25],[@R30],[@R31],[@R40],[@R58]^ are considered to be the most valuable factors contributing to the decline in semen quality. To elucidate this, comparing semen quality from populations exposing to different levels of environmental pollutants may be important. However, semen quality varies a lot among populations, districts,^[@R10],[@R59]^ and ages.^[@R48]^ These inherent factors bring confounders that are hard to be adjusted when comparing studies carried out in different populations or districts. Moreover, unlike other human samples, semen is more difficult to obtain, and men suspecting themselves to have a fertility problem might be more interested to become volunteers to participate in this kind of research. So it is suggested to sample semen from young men before they were attempting to have offspring may overcome this problem. To avoid problems raised by populations and ages, longitudinal studies may help. Longitudinal studies carried out in Czech and Denmark have been looking into this^[@R60],[@R61]^; however, control group was absent in these studies. Thus, we designed this cohort study to investigate the relationship between environmental exposure and semen quality. To our knowledge, this study is the first cohort study to assess the effects of environmental exposure change on male reproductive health.

In this baseline investigation, we recruited 872 volunteers and 796 of them were eligible for this study, most excluded volunteers were due to the inappropriate abstinent time or had medications affecting semen parameters in the recent half a year. This indicates the average genital physical status of these volunteers may be relatively good when comparing to our previous study.^[@R6]^ We also found the average semen quality in college students to be better than that in the previous studied population,^[@R6]^ the differences between ages of the 2 studies may be contributed to this result. There were fewer volunteers addicted to tobacco or alcohol consumption when compared with the general population in Chongqing (nonsmokers: 74.7% vs 38.9%, nondrinkers: 51.4% vs 36.6%) from our previous study. When comparing with the general college students in western China, both the rates for smoking and drinking were close (students from our study vs college students in western area of China, nonsmokers: 74.7% vs 70.2%, nondrinkers: 51.4% vs 49.2%, but the latter study counted female into the rate, too, which may lower the rates for nonsmokers and nondrinkers as only 6.1% or 26.9% females consume tobacco or alcohol across the whole population in their study).^[@R62]^ This indicates the bias for lifestyle may not be significant in our study. Given to smoking, our results showed a significant decline in total sperm count but not in semen volume or sperm concentration. This is similar to another study,^[@R40]^ but the total sperm count was not calculated when comparing among smoker, exsmokers, and nonsmokers in that study.

Coffee consumption was found to be associated with better sperm motility in this study, which is accordant to the study by Jurewicz et al,^[@R40]^ but higher neck abnormalities was also found in that study, which was not observed in this study. But in other studies, decreased semen quality or its tendency was also observed.^[@R55],[@R56],[@R63]^ Similar result was found for cola consumption in this study, but lower semen volume and lower total sperm count were found in cola consumers. Researchers suggest that higher caffeine consumption usually show up with other problems in lifestyles, such as the less-healthy diet.^[@R55]^ Thus, the differences between this study and others toward to the effects of caffeine consumption on semen quality could be contributed to the fairly lower consumption of coffee and cola in the population from our study, as few students consumed coffee or cola excessively when compared with subjects from studies mentioned above, which means the observation of altered semen quality in cola and coffee consumption might be induced by the accompanied unhealthy lifestyles as we found that coffee and cola consumption were correlated to baked and fried foods consumption (Spearman correlation, *P* \< 0.01 for all tests, data not shown). However, the reason why coffee did not show adverse effect in this population require more investigation, less consumption might be one of the reasons. Moreover, due to the nature of observational study, the possibility of reverse causation could not be excluded, nor could the casual association between these mentioned lifestyles and semen quality be established. Further researches are needed to confirm the findings.

By searching from PubMed, we found 10 studies carried out in populations with comparable age to our study, with semen parameters reported.^[@R9],[@R12],[@R14]--[@R17],[@R64]--[@R67]^ Among these, 2 were carried out in Japan, Asia; 1 was carried out in the United States, and the rest were all investigated in Europeans. The age (median) varied from 18 to 24 years across all studies. Selected parameters are shown in Table [3](#T3){ref-type="table"}. The data indicates regional differences among continents (Asia, America, and Europe), especially for sperm concentration and total motility (%). Studies from Europe generally reported lower sperm concentrations and total motility than those reported from Asia and America. Halling et al^[@R14]^ reported the lowest sperm concentration in Faroese men, and contributed this to environmental persistent organic pollutants exposures. Mendiola et al^[@R16]^ reported a decreasing in sperm counts in Southern Spain, the lowest percent of motile sperm was also reported by this study among the 10, yet the reason has not been revealed.
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Comparing within Asians, we reported better semen volume, total sperm count and total motility, but worse sperm concentration and normal sperm morphology than the other 2 studies. Further studies looking for the reasons leading to this are warranted.

The main strength of this cohort study are first, a proportion of the studied population experienced environmental exposure change naturally due to campus relocation, leading to the before--after study in the cohort to be performed effectively. Second, the environmental exposure surveillance covered a whole cycle of spermatogenesis, and the outer and inner exposures to PAHs and PAEs were evaluated in all participants, the connections between the evaluated exposures and outcomes should be more reasonable. Third, the larger sample size, healthy population, narrowed age,^[@R49]^ and the same season of sampling can greatly reduce confounders. Fourth, participants were young adults prior to childbearing, which may avoid the reverse causality due to psychological stress from infertility,^[@R68]^ as psychological stress may result in declined semen quality. Fifth, the advanced methods for determining environmental and inner exposures should give out relatively accurate results, and the semen quality evaluation methods used as WHO recommended makes the results more comparable.

The weakness we found in this study should be stated as follows: first, the results from a population of narrowed age may lead to the explanation to be restricted in populations with comparable age. Second, only PAHs and PAEs were determined for outer and inner exposure so far due to a limited financial budget; other environmental pollutants may be potential confounders to our results. Third, no replicated sampling was deployed for each subject in each investigation, which may introduce intraindividual bias to this study. Fourth, the population mainly consisted of Chinese Han race (83.0%). The possible genetic differences among races may generate potential differences in semen parameters, but the limited population of minorities did not allow subgroup analyses. Fifth, casual associations cannot be established by this study, further researches are still needed. Sixth, during the recruitment of participants, no genetic nor chromosomal examination was applied to detect those with substantial deficit such as karyotype or chromosomal anomalies. This may lead to nondifferential misclassification, and thereby the underestimation of association investigated, although the prevalence of genetic deficit was low in general population.

CONCLUSION
==========

The current cohort study initiated 769 healthy college male students and the baseline data showed relatively good semen parameters. Abstinent duration affected semen quality a lot. Lifestyles, such as coffee/cola drinking and fried/baked foods consumption, may be associated with semen quality. The results are similar to other studies carried out in Asians and Americans at the same age stage, but better than that was found in our previous study carried out in general population in Chongqing area. The study has several strengths and can be future developed, such as genetic association study between clock gene and semen quality, metabolizing enzymes and inner biomarkers indicating exposure to environmental pollutants, such as PAHs and PAEs. Moreover, more data are still being assessed. The follow-up investigation will provide more information on environmental exposures, and finally the relationship between the exposure and semen quality should be assessed.

Abbreviations: ANCOVA = analysis of covariance, BMI = body mass index, CASA = computer-aided sperm analysis, IM = immotility, MARHCS = male reproductive health in Chongqing College students, NP = nonprogressive, PAEs = phthalic acid esters, PAHs = polyaromatic hydrocarbons, PR = progressive, WHO = World Health Organization.
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